Keywords: stress psychometrics questionnaire s u m m a r y Purpose: The purpose of this study was to review articles related to the psychometric properties of the Perceived Stress Scale (PSS). Methods: Systematic literature searches of computerized databases were performed to identify articles on psychometric evaluation of the PSS. Results: The search finally identified 19 articles. Internal consistency reliability, factorial validity, and hypothesis validity of the PSS were well reported. However, the test-retest reliability and criterion validity were relatively rarely evaluated. In general, the psychometric properties of the 10-item PSS were found to be superior to those of the 14-item PSS, while those of the 4-item scale fared the worst. The psychometric properties of the PSS have been evaluated empirically mostly using populations of college students or workers. Conclusion: Overall, the PSS is an easy-to-use questionnaire with established acceptable psychometric properties. However, future studies should evaluate these psychometric properties in greater depth, and validate the scale using diverse populations.
Introduction
Stress has long been a major research concept in health science since it is linked to various health outcomes and illnesses, including cancer, diabetes, cardiovascular disease, asthma, and rheumatoid arthritis (Cohen, Janicki-Deverts, & Miller, 2007; Johnson, Perry, & Rozensky, 2002) . The ways in which the concept of stress has been assessed in research can be classified broadly into three perspectives: (a) environmental, focusing on stressors or life events; (b) psychological, assessing subjective stress appraisal and affective reactions; and (c) biological, assessing the activation of the physiological systems involved in the stress response (Cohen & Kessler, 1997; Kopp et al., 2010) .
The Perceived Stress Scale (PSS; Cohen, Kamarch, & Mermelstein, 1983 ) is one of the more popular tools for measuring psychological stress. It is a self-reported questionnaire that was designed to measure "the degree to which individuals appraise situations in their lives as stressful" (Cohen et al., 1983, p. 385) . The PPS items evaluate the degree to which individuals believe their life has been unpredictable, uncontrollable, and overloaded during the previous month. The assessed items are general in nature rather than focusing on specific events or experiences.
There are three versions of the PSS. The original instrument is a 14-item scale (PSS-14) that was developed in English (Cohen et al., 1983) , with 7 positive items and 7 negative items rated on a 5-point Likert scale. Five years after the introduction of the PSS-14, it was shortened to 10 items (PSS-10) using factor analysis based on data from 2,387 U.S. residents. A four-item PSS (PSS-4) was also introduced as a brief version for situations requiring a very short scale or telephone interviews (Cohen & Williamson, 1988) . According to Cohen's Laboratory for the Study of Stress, Immunity, and Disease (2012) , the PSS is currently translated into 25 languages other than English.
While the psychometric properties of the PSS have been evaluated in various cultures and countries, its psychometric properties have never been reviewed across studies. The purpose of this paper was therefore to review the psychometric properties of the PSS.
Methods

Searching and study selection
Three computerized databases (PubMed, SCOPUS, and CINAHL) were searched (up to June 2012) to find relevant articles for this study. The index terms used were "stress", "measurement", "questionnaire", "psychometrics", "reliability", and "validity". The references provided in the included studies were also screened manually for additional relevant articles. A study was included if it was reported in a full-text, original article, and measured stress in humans using the PSS, with a focus on psychometric evaluation. Only English language articles were included.
Psychometric properties evaluated
Reliability which is the degree to which the measurement is free from measurement error. Internal consistency reliability (homogeneity of multi-item scales) and test-retest reliability (score consistency between two time points) were extracted for reliability of the PSS in this review paper. Validity, which is the degree to which the scale measures the constructs it purports to measure. Four types of validity were extracted: factorial (or structural) validity, criterion validity (relation to a gold standard), hypothesis testing (relation to other measures in a way an investigator would expect), and known-groups validity (anticipation of differences in scores between a certain specific known group) (Mokkink et al., 2010) . In addition, general characteristics of the PSS including version used, language used, and method of translation into another language were examined. Population studied including the type of subjects and the sample size were examined.
Results
Study selection
The initial search of the three computerized databases and the manual search yielded 654 records, with 36 of the studies being potentially suitable for inclusion. The full texts of all 36 of these potential studies were screened; 14 studies were found to be duplicated, and 3 were in languages other than English (i.e., Portuguese, French, and Spanish). The inclusion criteria were ultimately met by 19 studies (Figure 1 ).
General characteristics of the PSS and the study sample Table 1 presents the characteristics of the PSS and samples of the 19 selected studies. PSS-14, PSS-10, and PSS-4 were psychometrically evaluated in 12, 12, and 6 studies, respectively. They were evaluated simultaneously in five studies, while PSS-14 and PSS-10 were evaluated simultaneously in one study.
In 13 studies, the PSS was evaluated psychometrically after translation from English into nine other languages (Japanese, Spanish, Turkish, Portuguese, Chinese, Thai, Arabic, Greek, and French). A translation and back-translation technique was implemented in nine of these studies to change the PSS from English into their target languages, while in three studies a previously translated French or Spanish version was used. The method of translation was not stated for the remaining study.
The most common cohort in these psychometric studies of the PSS comprised college students (Table 2) , and the sample sizes in the studies ranged from 60 to 2,387 (Table 1) .
Psychometric properties
The psychometric properties of each study are summarized in Table 3 . Cronbach's alpha is a measure of internal consistency reliability, with a value >.70 considered a minimum measure of internal consistency (Nunnally & Bernstein, 1994 ). Cronbach's alpha of the PSS-14 was >.70 in 11 of the 12 studies in which this version was evaluated, and was not evaluated in the 12th study. Cronbach's alpha of the PSS-10 was evaluated at >.70 in all 12 studies in which it was used. However, the reported Cronbach's alpha was <.70 in half of the six studies in which the PSS-4 was evaluated.
Test-retest reliability was evaluated using a correlation coefficient, such as Pearson's, Spearman's, or the intraclass correlation coefficient (ICC); coefficient values >.70 are usually recommended (Terwee et al., 2007) . The test-retest reliability for the PSS-14 was assessed in three studies, all except one of which met the criterion of a coefficient value of >.70. In that study the test-retest reliability of the PSS-14 was evaluated only after a 6-week interval, while in the other two it was evaluated between 2 days and 4 weeks (Cohen et al., 1983) . The test-retest reliability of the PSS-10 was assessed in four studies, and met the criterion of >.70 in all cases. None of the studies in which the PSS-4 was evaluated assessed its reliability. The interval between the first and second administrations of the PSS for assessment of the test-retest reliability ranged from 2 days to 6 weeks. The factorial (structural) validity of a construct to be measured is usually performed using factor analysis. Exploratory factor analysis for the PSS-14 and PSS-10 indicated that a two-factor structure was more dominant than a one-factor structure (Tables 3 and 4 ). This was confirmed by the findings of confirmatory factor analysis. However, in many of the studies, the two-factor structure for the PSS-14 accounted for less than 50% of the total variance, which is the minimum percentage of cumulative variance extracted by successive factors (Pett, Lackey, & Sullivan, 2003) .
To establish criterion validity, the scores of an instrument should be strongly correlated (i.e., r > .70) with the scores of its goldstandard instrument (Terwee et al., 2007) . The criterion validity of PSS was evaluated in a few studies, of which the PSS was strongly correlated with only the mental component of health status as measured by the Medical Outcomes StudyeShort Form 36 (Ware, Snow, Kosinski, & Grandek, 1993) .
Hypothesis testing revealed that the PSS was either moderately or strongly correlated with the hypothesized emotional variables, such as depression or anxiety, as measured using the Center for Epidemiologic Studies Depression Scale (Radloff, 1977) , Inventory to Diagnose Depression (Zimmerman & Coryell, 1987) , Beck Depression Inventory (Beck, Steer, & Garbin, 1988) , Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983) , State-Trait Anxiety Inventory (Spielberger, 1983) , Escala de Cansancio Emocional (Scale of Emotional Exhaustion; Ramos, Manga, & Moran, 2005) , General Health Questionnaire (Goldberg & Williams, 1991) , Edinburgh Postnatal Depression Scale (Cox, Holden, & Sagovsky, 1987) , Thai Depression Inventory (Lotrakul & Sukanich, 1999) , and Depression Anxiety Stress Scale-21 (Lyrakos, Arvaniti, Smyrnioti, & Kostopanahiotou, 2011) .
The known-groups validity of the PSS was assessed using general characteristics related groups of participants. As might be expected, the PSS scores were significantly lower for groups of participants who were young, white, married, employed, earning a high income, and with parents with a smaller number of children or not having chronically ill children. However, there was an inconsistent finding with regard to gender: some studies found no gender difference (Cohen et al., 1983; Pbert, Doerfler, & DeCosimo, 1992; Ramírez & Hernández, 2007) , while others found that PSS scores were higher in women than in men (Andreou et al., 2011; Hewitt, Flett, & Mosher, 1992; Lesage, Berjot, & Deschamps, 2012; Leung, Lam, & Chan, 2010; Remor, 2006) .
Discussion
This paper has reviewed studies of the psychometric properties of the PSS. It was found that the internal consistency reliability of this tool has been established, although Cronbach's alpha values obtained for the PSS-4 were only marginally acceptable. This may be attributable to the PSS-4 including fewer items than the PSS-14 and PSS-10, since Cronbach's alpha tends to increase with the number of items in an instrument (Pedhazur & Schmelkin, 1991) .
The test-retest reliability of the PSS was evaluated in only six studies. Moreover, in three of these studies the Pearson's or Spearman's correlation coefficient was implemented for the test, which is a measure of association. Calculation of the ICC is a more sophisticated approach for assessing test-retest reliability when the score of an instrument is continuous, like in the PSS (Fayers & Machin, 2007) . Therefore, the test-retest reliability of the PSS needs to be evaluated further using ICCs. With respect to the administration interval, the PSS demonstrated satisfactory testretest reliability when its first and second administrations were separated by between 2 days and 4 weeks. However, when this interval was 6 weeks, the test-retest reliability was not satisfactory (r ¼ .55). This may imply that the duration of the stability of PSS might be less than 6 weeks. If this is the case, clinicians or researchers using the PSS may consider reassessing the PSS score every 6 weeks. A systematic, longitudinal study of changes in PSS scores is required to further clarify this.
Examination of the factorial validities of the PSS-14 and PSS-10 demonstrated that the two-factor structure predominated, rather than one dimensionality. Mitchell, Crane, and Kim (2008) reported on the one-dimensional PSS construct based on 60 adults who had survived the death of a family member or significant other by suicide. However, the sample of that study was relatively small for a factor analysis, which may have resulted in an incorrect estimation of both the number of factors and their structure (Fayers & Machin, 2007) . Even though the two-factor structure of the PSS-14 was predominant, it should be considered that most studies have shown that the two-factor structure accounts for less than 50% of the total variance in the 14 items. On the other hand, the PSS-4 structure was not consistent.
The criterion validity of the PSS was evaluated in only a few studies; the criteria used were all questionnaires. The correlation coefficients used with criterion questionnaires showed a weak to moderate association, demonstrating unsatisfactory criterion validity. In addition, it is questionable whether or not the used criteria were gold standards for the PSS. Future studies may use a biomarker of stress, such as cortisol, as a criterion variable (van Eck & Nicolson, 1994) .
Hypothesis tests of the PSS consistently demonstrated a satisfactory correlation with depression or anxiety. This finding is consistent with the report of Cohen et al. (1983, p. 391 ) that "there is some overlap between what is measured by depressive symptomatology scales and measured by the PSS, since the perception of stress may be a symptom of depression."
For the known-groups validity test of the PSS, demographic categorical variables (e.g., marital status, educational status, gender, and having children) were used mostly without prior determined expectations or evidence. It is recommended that the knowngroups validity for groups that have been previously well determined be implemented in future studies. With respect to gender, five of the studies in this review found that the PSS scores were significantly higher in women than in men. The gender-related difference in PSS scores remains a matter of debate. Some believe that it is an artifact of measurement bias, given that the women are more likely to score on the negatively worded items of the PSS (Gitchel, Roessler, & Turner, 2012) , while others believe that there is a true gender difference arising from social, biological, or psychological influences (Lavoie & Douglas, 2012) . Therefore, gender should be considered carefully when evaluating known-groups validity in the PSS.
According to Cohen et al. (1983) , the PSS measures general stress and is thus relatively free of content that is specific to any particular population. However, the PSS has been empirically validated with populations of mainly college students or workers. It is necessary to validate the PSS with more diverse populations (e.g., specific or mixed clinical populations) and in various cultures. It has been translated into 25 languages, but some of the translated (i.e., nonEnglish-language) forms have yet to be empirically validated. Furthermore, a multicultural psychometric evaluation of the PSS is recommended.
Conclusion
In summary, the PSS is a short and easy to use questionnaire established with acceptable psychometric properties. However, the test-retest reliability, criterion validity, and known-groups validity of the PSS need to be evaluated further. In general, the psychometric properties of the PSS-10 are superior to those of the PSS-14. Therefore, it is recommended that the PSS-10 be used to measure perceived stress, both in practice and research. The PSS-4 is the least effective of these tools, although as proposed by Cohen et al. (1983) , it may be useful and feasible in situations where a short questionnaire is required, such as telephone interviews.
